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_ This thesis· detai'ls the work done to prove the feasibility of using machine vision to inspect the back or -inactive side of beam leaded integrated cir'cuits prior to bonding the~ into packages. A·description of beam leaded devices and the defects to be detecte¢i are presented. One 
·. of the driving forces ·for tcying to ,automate the visual inspection process is to eliminate the -human subjectivity --from the manual ·inspection procedures. The equipment ·used for the project included an ITRAN vision system, a Mechanization Associates indexing and inking ~tation, and 
an AT&T PC6300 computer. The ITRAN system is a menu driven system that provides the programmer with "tools'' 
such as a tape measure and a pixel counter to detect defects. Defects are found by comparing a test image to a 
stored image of a gooq device. The comparisons are done 
using edge detection and/or light intensity techniques. The inking station has a camera mount, an indexing stage to move the chips into the viewing area, and an inking, 
mechanism to ink the bad devices. The PC6~00 computer links the vision system and the indexing and inking 
station for necessary time interval coordination and 
results retrieval interactions. The inking station in its present form is not capable of being computer controlled. Therefore, the PC6300 computer controls other functions by 
monitoring the motion or lack of motion of the indexing 
stage. When the stage is at a stand still, the PC6300 
computer signals the vision system to capture arid analyze 
an image. Information about the results of each chip inspection is transmitted from the vision system to the PC6300 computer where the information is stored. The project demonstrated that inspection of the back 
side of beam leaded devices could be accomplished using 
machine vision techniques. However, extensive 
modifications and additions should be made to the work 
station as a whole to make it a more flexible and 
automated system. Some features that would improve the 
current set up are: (1) a computer controllable wafer handling system with automatic wafer alignment and 
automatic focus.and (2) a programmable vision system that is capable of more than just edge detection and light intensity functions to detect ·faults on devices. 
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Chapter 1 
Introduction 
A project was undertaken to prove the feasibility of-
using machine vision techniques to inspect for undesirable 
. imperfections on the back or inactive side of beam leaded 
integrated circuit (IC) chips. The bad chips would be 
marked and only the good would be bonded into packages 
such as dual in-line packa~es (DIPs) and hybrid integrated 
circuits (HICs). 
Beam leaded devices are not the standard type of IC 
chip manufactured throughout the semiconductor industry 
today. Therefore, a description of beam~leaded devices 
(including how they differ from the standard wire bond 
devices) is covered in Chapter 2. The defect criteria 
used by the operators while inspecting the inactive side 
of the devices is also covered. This project is aimed at 
using machine vision for inspecting the chips to this same 
criteria. The anticipated major benefit of using machine 
vision.would be more consistent inspection results. 
Preceding the work to set up a vision inspection 
system, an investigative survey of current techniques and 
applications was completed. The study showed that 
ipspection of chips prior to the bonding operation 
improves the package yield ~y minimizing the number of bad 
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v chip.s · that get assembled into packages as described in 
.. Chapter 3. F'Clrthermore, the study· indicated that it is 
desirable to automate these visual inspections since human 
operators are expensive and their judgment calls are 
subjective and often inconsistent. There·is a 
considerable amount of work progressing in the area of 
inspection: ,of I Cs. currently, there are several types of .. 
commercially marketed work stations to do various aspects 
of the numerous other visual inspection tasks (see 
Chapter 3). 
With this project's objectives defined and the 
knowledge that similar work was successful, equipment was 
chosen. It was decided that three basic groups of 
equipment were needed to perform this project 
investigation: 1) a system to take video pictures and 
perform the required analysis, 2) a fixture designed to 
~osition and properly light the devices so that the camera 
could take quality pictures, and 3) a computer to interact 
with the first two groups of equipment. A brief 
description of the capabilities of the equipment chosen is 
outlined in Chapter 4. 
Chapter 5-details the actual implementation of the 
equipment for the vision task. The first section deals 
with a description of what was needed to capture good 
images of the devices includi~g lighting, optics, and 
camera choices. The next section deals with defining the 
3 
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device for the.vision system and includes the selection of 
the vision ''tools''. . .. ,\ . The programming strategy to do the 
,J chip inspection task is defined in the third section of 
the chapter. Section forir is an overview of how a 
L 
computer was used to link the pieces of equipment together 
to perfo~ the visual inspections and record the results. 
~ . . . . 
The last section describes the operator setup procedures 
and equipment operation of the final system configuration. 
'V 
Analysis of the results of the project and 
recommendations for more effective, efficient, and 
complete systems are explored in Chapter 6. 
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Chapter 2 
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(l 
Backside Inspection of Beam Leaded·Ics 
/ The first task of this, project_ was .. to examine a beam \ ~ 
leaded IC and determine what the anomalies are that cause 
a device--to be considered visually ·bad. As mentioned in 
the introduction, this chapter describes what a b.eam 
lead~d devic•·is, including how it differs ·from the 
industry_ standard wire bond devices. The chapter also 
details the visual criteria utilized by the operators that 
inspect the devices for defects. 
2.1 Description of a Beam Leaded IC 
A beam leaded IC is a device whose connection to its 
package (usually a ceramic substrate or copper lead frame) 
is via gold beams instead of gold wires. These beams are 
manufactured as part of the active side of the chip and 
are cantilevered past the side of the finished chip real 
estate (see Figure 1). ~e beams are evenly spaced around 
the chip in such a manner that the beams from adjacent 
chips (while in wafer form) are interdic;Jitated with each 
other (see Figure 2). This is efficient use of silicon 
real estate which reduces the-amount of silicon that must 
be removed between the chips. It is because of these 
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Figure 1: Beams on a Chip 
,, .< 
• 
Figure. 2: Chip in Wafer -orientation 
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beams that special .chip separation and testing procedures 
.. 
are needed. 
. . The chips must be physica.lly separate·d and the beams 
. 
. 
exposed (from the backside) . before the operation of 
electrical t ·esting is performe·d. The chips must also 
r·. 
· reinain in · an evenly spaced array so that t ·esting can be 
accomplished using probers that automatically step from 
chip to chip. At the same time, the beams must be ket,t as 
straight as possible¢for bonding purposes. To accomplish 
this, the completed wafer is mounted active side down on a 
carrier magnet with a thin layer of wax on it. Then the 
unwanted silicon that is between the final chip forms (and 
covering the beams) is removed (see Figure 3). At this 
Magnet with Chips 
Bare Magnet 
Figure 3: Carrier Magnets 
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point, what remains is a magnet with an interdigitated· 
array of devices adhering to it via the wax. ·A thin layer 
of magnetic ink is silkscreened onto each chip (shown in 
Figure 2). After the magnetic .,ink· is applied and. cured, 
. , 
the chips are electrically tested using sets of probes 
that contact the beams. Only enqugh pressure is asserted 
I' on the beams so that a good electrical contact is made. 
Electrically bad chips are marked on the back side with an 
ink dot. The ink used is a different color· than the 
magnetic ink so that it is clearly visible. When all the 
chips of a particular wafer have been tested, the wax is 
removed from between the chips and the carrier magnet. 
The chips are visually inspected and the good chips are 
placed in arrays for the bonding operation. 
These procedures differ from those used for wire bond 
\ devices. A wafer consisting of <chips to be wire bonded 
are electrically tested before the chips are separated. 
After the wafer is mounted on an adhesive material, 
separation of the chips is accomplished by sawing between 
the chips. The chips are visually tinspected and the good ,, 
devices bonded into packages. 
One of the major advantages of the beam leaded device 
becomes obvious at the bonding operation. A beam leaded 
' 
I device is bonded to a ceramic substrate in one step: all 
of the beams are bonded simultaneously. A wire bond 
device requires multiple bonding operations. First the 
8 
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chip is bonded to a lead frame or chip carrier. Then e~ach 
• f!, 
wire that connects the chip to the outside world. must'be 
I 
bonded to the chip and then to the lead ftame or chip 
carrier. However, the wire bonded device does, have the 
advantage of the chip being attached to material that can 
act as a heat sink. Whereas, the beam leaded device is 
suspended by the beams and must rely on the heat being 
dissipated through the beams to the substrate or lead 
frame. 
2.2 Visual Defect Inspection 
; -- ,r 
Visual defects can be classified as either chronic or 
sporadic. The chronic defects occur at very low frequency 
levels and are a result of what the manufacturing 
processes are capable of producing. For example, a speck 
of dirt on a mask could cause problems during 
photolithography steps generating anomalies in e~ching 
procedures resulting in irregular silicon shapes. On the 
other hand, sporadic defects are usually the result of an 
error, either by the processing equipment or by an 
operator. For instance, an electrically bad chip could be 
inked incorrectly causing the ink to splash onto the beams 
'Of an adjacent chip thus contaminating those beams. Due 
to this, the visual quality of product varies from wafer 
to wafer and lot to lot. Sporadic defects usually cause 
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reliability problems with the device. For thi:s reas~n, · 
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.detected de~ective· chips are scrapped. before they can be 
bonded into packages • . The types of defects . that ·occur on 
the inactive side of beam leaded chips fall into three 
. 
catego~ies: (1) silicon, (2) beam, and (3) magnetic ink 
, a ,. 
related. 
The silicon is con~idered to be defective if .. the 
~dimensions are not within the specifications of the code, 
the silicon is not centered with respect to the beams, 
there are visible cracks, or there are voids through the 
silicon to the active side of the chip. The dimensions 
and alignment of the silicon can be quickly checked by 
comparing the free beam length of the beams around the 
... ~ .--.·. ·"······~---.-........... -~.,·.·.·-. ....,,.,. .. -
.. · .. ·.·1_:. .:: ·· 
.·.·. 
·.·, 
·.· 
... · 
Figure 4: Too Much Beam Showing 
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· chip. ·· For· example, if. too much of· the silicon wa·s removed 
during the separation process, . too much of the beam will ,. 
be visible to the inspector (see Figure 4).· Voids and 
cracks (shown in Figures 5 and 6) in the chip are more 
difficult, but not impossible, to detect on the inactive 
side of the chip since the magnetic ink covers most of the 
backside silicon. These two defects are usually detected ,, 
during the inspection of the active side of the chips. 
careless ·handling or stacking of the magnets with chips in 
place can result in cracked chips. 
A chip is also defective if the dimensions of any 
beam does not meet the specification, there is 
contamination on any beam, there are any missing beams, or 
any beam is bent past the limit in any direction (see 
Figures 7, a, 9, and 10). Beam distortion can occur , 
during electrical testing if the pressure from the probes 
on the beams is too great. 
Finally, a chip can be rejected because it does not 
have sufficient magnetic ink on it or if any of the 
magnetic ink has gotten on any of the beams (see Figure 
11). Magnetic ink can be deposited on the beams during 
the silkscreen operation due to faulty ink and/or careless 
handling on the part of the operator.· Another way that 
. 
magnetic ink gets on the beams is if the magnetic ink was 
not cured properly. Then subsequent baking operations can 
11 
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Figure -5: 
Figure 
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Void in the Silicon 
6: Cracked 
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Figure 7: 
Pigure a: 
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Contaminated Beam 
Missing Beam 
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Beam Bent Transversely 
Vertically Bent Beam 
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Figure 11: Magnetic Ink on a Beam 
cause it to become fluid enough to run over the side of 
the chip. 
The objective of this project was to determine if 
these defects could be consistently and accurately 
detected using machine vision techniques. An 
investigative survey of current work in this area was 
conducted and is presented in Chapter 3. 
15 
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computer Vision in IC Manufacturing 
3.1 Inspection of IC Chips 
Today's competitive market in the IC industry makes ( 
it imperative for manufacturers to produce high quality 
devices while· incurring the least cost possible. -,·As 
mentioned in Chapter 2, finished IC chips must pass two 
types of .criteria, electrical and visual,~ befor·e they are C 
assembled i·nto packages. The electrical testing of the 
devices ensures that the devices meet the electrical 
specification requirements. However., there are flaws that 
effect the long term reliability of the devices that can 
only be detected vj.sually and/or with accelerated aging. 
Therefore, the devices are also visually inspected [1]. 
In fact, as ICs are manufactured, there are several 
strategic processing steps where visual inspecti.on can be 
beneficial and/or necessary. 
Inspection of the polished unpatterned wafer is for 
detecting surface faults in the silicon that could cause 
the wafer to have a low yield of good devices (2]. As the 
wafer receives further processing, frequent inspections 
should be done to detect any anomalies as ·t.hey occur. 
With this feedback, the process tools can be kept in 
16 
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optimum ,working condition and operators can be alerted to 
any human error. Also, the wafers can be reworked or ' 
. 
. 
scrapped before any additional time and/or materials are 
invested in them [2]. 
When the wafer is completely processed, the ICs on it 
are usually given a random visual inspection for flaws 
• 
that occurred during the patterning of the wafer. This 
inspectio.n is called the "first optical'' inspection. The 
"second optical" inspection is done after the wafer has 
been separated into individual chips and before the chips b 
are removed from their wafer orientation. The purpose of 
this inspection is to cull out·devices that have 
scratches, cracks, misalignment, bridging metalization, 
missing or bent beams, etc. so that only good chips get 
bonded into packages. Backside inspection is a part of 
this ''second optical'' inspection for beam leaded !Cs. 
''Third optical" inspection is performed after the chip has 
been bonded to verify the integrity of the bonding 
operation [3]. The beam leads are checked for bug height, 
squash out, alignment, and ,correct bonding (see Figure 
,,,,, .. 12). This is also a last chance to inspect the back of 
the chip for defects. After this, the devices are either 117 
molded or sealed into packages. 
17 
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Figure 12: Portion ·of a Bonded Chip 
3.2 Automation of Chip Inspection 
All of the inspections mentioned in the previous 
section are important if IC manufacturers ·are going to I 
' 
maximize yields and minimize variations f~om wafer to C , 
I 
. , 
wafer and chip to chip. These inspections are complicated 
and have specifications that vary ~from device code to 
device code. Therefore, humans are usually called upon to 
perform them. 
However, there are problems related to having humans 
perform visual inspections. The quality of an inspection 
suffers. from such things as operator fatigue and/or 
boredom, the mood of the operator, and human subjectivity. 
18 
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All of· ·these factors lead to inconsistent results. Manual 
handling of the devices and inadvertent damage also 
contribute to this variation. This suggests that 
completely aqtomated, closed systems need to be 
deve·loped [ 3]. 
Although a considerable amount of work is going .on in 
this field, progress has been slow because of the 
complexity of the task. Consider the-fact that ICs have 
multi-layered patterns that have undefinable "gray'' areas 
between them. The types of inspection systems that are 
available on the market can be grouped into three 
categories: manual, semi-automatic, and automatic. 
A manual inspection station is usually equipped with 
a microscope that is mounted above a wafer stage. 
Lighting provided includes bright field, dark field, 
differential interference contrast, and fluorescence modes 
of operation [l, 4]. If any measurements are to be made 
at a station like this, they are usually just rough 
approximations made with graticules on the optic lens. 
Operator judgment is the determining factor on whether or 
not a device is bad. Often defects are categorized 
according to type, regardless of size or shape. Manual 
stations are available from many manufacturers [4]. The 
inking station used for this investigation is an example 
19 
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of a manual inspection station. It is depicted in Figure 
20 on page 42 and i~ described in the third section of 
Chapter 4. 
· stations that are partially automated but still need 
operator input are classified as semi-automatic. These 
stations offer such features as cassette-to-cassette wafer 
handling, automatic focus, data processing capabilities, 
' 
random wafer selection, and programmable inspection 
routines. Several companies offer this type of equipment. 
Zeiss offers a Wafer Inspection Station with ''numerous 
features that reduce the potential for contaminating 
wa~ers during inspection" [4]. Nikon also offers a "hands ~·' ' . - ·! \ 
' . 
off'' wafer handling system on their Optistation 2A. The 
Leitz LIS and the Karl suss Model IP125 Wafer Inspection 
Stations have automatic wafer handling and are designed to 
minimize operator fatigue so that the operator's 
concentration can be focused on the inspection instead of 
discomfort. Ultraspec 10 manufactured by Irvine Optical 
" features random wafer selection, automatic focus, and 
programmable wafer stage movement (Figure 13). In 
addition to automatic wafer handling, the Model CKG Wafer 
Inspection Station from Convac and the Microvision 15 from 
OSI provide a wide range of data processing· capabilities. 
This is a sample of what is available in the line of semi-
automatic inspection stations. 
20 
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Figure 13: Ultraspec 10 Semi-automatic Inspection Station 
• Figure 14: Centrex Automatic 3-000 Inspection Station 
21 
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Some companies ·have started building ''fully 
automatic'' stations [ 4]. A truly automatic inspection 
station requires minimal operator intervention such as 
loading and unloading the wafer cassettes. These systems 
include.wafer handling, automatic alignment and automatic 
fgcus as standard items. In addition, some are capable of 
doing critical dimension measurements of lines with a 
width of only 2 x 10-6 inches. The defect detection is 
done either by chip-to-chip comparisons or CAD (Computer 
Aided Design)-to-chip comparisons. With sufficient 
magnification, these comparisons can detect submicron 
defects. The following systems are "fully automatic" 
stations exhibiting the features mentioned above: 
Chipcheck by Cambridge Instruments, the Centrex 3000 
(shown in Figure 14), KLA Instruments 2020, and the 2WD23 
and 2WD24 by NJS [4]. 
Each year, more systems are introduced to the market. 
Some use techniques other than the traditional image 
processing techniques. For example, Insystems advertises 
a work station that does defect detection using holography 
techniques. Some of the new equipment combines chip 
inspection with other operations. Micro Robotics Systems 
Inc. advertises having a work station that finds a chip in 
a waffle pack, inspects it, picks it up, corrects the 
orientation, and places it on a substrate within+/- 0.002 
inch accuracy, without operator interaction [5]. 
22 
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3: 3 Image Proces.sing Techniques in use Today 
Image processing techniques in·use today generally 
involve one or more of the following approaches: 1) 
template matching, 2) decision-theoret~c approach, or 3) 
the structural and syntactic analysis. Each approach is 
distinguished by its method of pattern representation and 
ll its decision making procedure [6]. 
The method of template matching is sometimes referred 
to as the· pixel-by-pixel comparison. For this.method, 
template·s of the devices are stored in the memory of the 
machine. These templates are two dimensional 
representations, usually stored in raw-data form. The 
templates can be generated either by computer (e.g., CAD) 
or by taking a video picture of a good device. The 
correlation between the stored image and a new image is 
calculated pixel by pixel. If the objective is to 
classify the image, it is compared to several templates 
and classified according to the correlations with the 
templates. If the objective is to find a feature in the 
image, a template is slid across the image. The location 
of the highest correlation is where the feature is. 
Many commercial image processing systems use template 
matching because, compared to the other procedures, it is 
simple and straightforward. However, a possible 
disadvantage is that it does require the system to have 
23 
sufficient memory to be able to store all of the 
templates. Another disadvantage is that for some device~ ' 
- ~, -t· 
it is difficult to get a template that includes all of the 
possible variations that good devices can display. 
Defining the match criteria can also be more difficult 
because of this problem [6, 7]. 
Both of the last two disadvantages are present when 
ICs are inspected using this method. There are many 
variations that a chip can have and still be classified as 
good. For instance, the metalized paths on the chip may 
not be exactly where they are supposed to be or maybe the 
width of the path varies from end to end. As long as 
these deviations stay within certain limits, the chip is 
still good. If the template matching method is used to 
inspect the chips, the templates should be general enough 
0 
to allow for these variations. Because of this 
generalization, the actual images of the chips will not 
match any of the templates exactly. Therefore, the 
matching criteria must take this·into account by allowing 
for slight deviations from the templates. It is for these 
reasons that the development of machine vision for the 
inspection of !Cs has been so slow. 
A second method of image processing is the decision-
theoretic or feature extraction approach. For this 
method, a pattern is repr~sented by a set of 
characteristic features. ~ These features are extracted 
· 24 
from the ideal image and stored as a vector. ,:.-/ Each image 
that is to be tested has these features extracted from it. 
The decision-making process is based on the comparison of 
these feature vectors. Statistical methods have been used 
in conjunction with this·method to minimize noise and 
distortions in the images being tested {6, 7]. This 
approach has been used to test simple !Cs with a few 
discrete devices such as Darlington power transistor pairs 
bonded to heat sinks. The algorithm checks the position 
and integrity of the chip. The position of the chip is 
determined by locating the four corners. Defects on the 
chip such as cracks or missing parts are found by checking 
I' J for uniform contrast around the boundary of the chip [8]. 
However, when working with more complex IC chips, it 
becomes more difficult to find features that characterize 
the entire chip. 
The third approach to pattern recognition is the 
structural and syntactical method. With this method no 
comparison between the image being inspected and a master 
image is needed. For this reason, this method is often 
referred to as the non-referenced method. Instead of 
comparing the captured image to a stored image or set of 
features, this method relies on knowledge of generic 
r 
properties of the device. This knowledge is then 
transfornted into a set of rules to be applied to the 
captured image. These rules are represented as pattern 
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primitives and a string, graph, or tree of their 
&' 
relations. Anomalies are detected by analyzing a small 
segment of the captured image at a time. If any segment 
violates any of the rules, a defect is declared. The 
major weakness of this,method is that·the rules 
established must be able to be applied across the entire 
device. It is not a robust method for devices that have 
sections that require tighter limits than other sections.'; 
This method has been used successfully in the inspection 
of printed circuit boards and IC mask patterns [7]. 
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Chapter 4 
The ~nspection station 
Since the study showed that some success was achieved 
in inspecting !Cs (the DArlington pairs mentioned in 
Chapter 3), the project was started. In an effort to keep 
expenditures to a minimum on this project, it was decided 
to uSe as much existing9quipment as possible to perform 
the experimentation and evaluation. 
The inspection station is comprised of three groups 
of equipment. The !TRAN system does the vision portion of 
the job as the Inking Station is used to index each chip 
into position to be inspected. Those two pieces are 
linked together b~an A &T PC6300 computer. In the 
following sections, the capabilities of each piece of 
equipment are described. Chapter 5 covers the details of 
how they were used for this project. 
4.1 The ITRAN System 
This section describes the hardware and the software 
of the !TRAN vision system. 
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4.1.1· The Hardware 
-The !TRAN system consists of four-pieces of hardware: 
(1) the vision controller, (2) programmer unit, (3) camera 
assembly and (4) an input/output interface. The vision 
controller is really ''the system'' (in Figure 15, it is on 
the floor to the right of the workbench). It houses all 
of the electronics to do the image analysis. One 
electronic board in the controller is the array processor: 
it conditions input and output signals and controls their 
flow. The actual "brains" of the controller are on the 
CPU (central processing unit) board. It is on this board 
that the data is ancy.yzed and decisions are made based on 
that analysis. For example, the data from a chip 
inspection is analyzed and the chip is found to be bad. 
The CPU board then sends a signal to an input/output port 
saying that the device is bad. The controller also has 
two video boards. One board captures the camera image and 
stores it for processing. The other board sends video 
signals to the programmer unit. Finally, the controller 
has inputs for up to eight cameras and two RS232 ports for 
communications with other equipment (e.g. a host 
computer). 
f The programmer unit is used to input inforiuation to 
the controller, to display the inspection process, and to 
store the program for the inspection. Information needed 
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Figure 15: The Inspection Work Station 
to do the inspection is inputted to the controller by 
touching a light pen to the CRT screen at the appropriate 
part of the current menu. After the ~nspection crit~ria 
is entered into the controller, the inspection procedure 
can be viewed in real time on the CRT. When the procedure 
is performing the way that it should, the information is 
stored on a cartridge tape at the left side of the unit. 
The programmer unit is shown in Figure 15 on the right end 
of the workbench. 
A camera is required to take a picture of the device 
being .inspected and to send that image to the controller. 
The type that is used with this system is an MOS camera. 
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Its photo-sensitive area consists of an artay of photo-
transistor and crosspoint.switch pairs. A charge is read 
directly from these photo--.sensi ti ve devices. 
The final part of the system is the input/output 
interface. It enables the system to receive inputs from 
up to 128 discrete peripherals and to output to 128 
C discrete peripherals. This portion of the system is 
optional and was not used. Since all communication of 
data for this project is to the PC6300 computer, the RS232 
port on the controller was used. 
4.1.2 The Software 
4.1.2.1 Defining the Part 
The ITRAN system was purchased when most vision 
systems required that the device to be inspected had to be 
precisely aligned so that the image of the device 
precisely matched the image that was stored in the 
computer. ITRAN has the capability of inspecting devices 
even if they are not precisely located in the viewing 
window. 
A part is defined to the !TRAN system using a 
combination of ''tools". There. are eight tools that can i;,e 
selected from a menu that help define the various parts to 
be inspected. To begin with, each image that is captured 
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by the· camera is identified. by two names. First is the 
general name of the device. Then there is the name of the 
snapshot being taken. An advantage to having both names 
is that the program may need to look for ,a particular , 
feature on a device. Depending on whether or not that I 
I feature is found determines whether the next snapshot is 
taken. 
When a snapshot is taken, positioning pins can be 
used to help locate the device within the image. 
Positioning pins and their respective search areas do not 
define a part or a feature of the part. Their function is 
to tell the controller approximately where to look for the 
part. There are three pins. Each pin is placed on a 
distinctive portion of the device. A distinctive area 
might be where two edges intersect. Then a search area is 
defined around each pin. The larger the area that has to 
be searched, the longer the time to find the device. 
Therefore, if speed is important, the size of the search 
areas should be kept as small as possible. An additional 
feature of the positioning pins is that they form an 
imaginary triangle. The center of the triangle is then 
used as a reference for all the other tools used to define 
the part. Once the device is located, the remaining tools 
for that snapshot are placed on the image of the part 
based on where the center of the triangle is determined to 
be. These tools use edge detection and/or light intensity 
31 
to determine if a part is _good- or bad. The tools provided 
include: a defect finder, a te:tnpl~te, a caliper, a tape :,· . 
' ,, 
,, ,' 
measure, a seven segment display reader, a protra_ctor, a·n 
arc reader, and a pixel counter. 
The defect finder and the template are similar tools. 
The def~ct finder is used to verify the presence or 
absence of features on a part. It can determine if all 
the parts or features of an assembly are present/not 
present and whether they are in the correct positions. In 
addition to verifying the presence or absence of a feature 
on a device, the template determines if that feature is 
similar to the original part it was trained on. This is 
accomplished by storing an image of the original part. 
Then the image of the inspected part is compared, edge by 
edge, with the stored image. The result is recorded as a 
percentage. The higher the percentage the closer the 
match. 
If a measurement is needed on a part, the caliper ·or 
the tape measure is the tool to use. The caliper can 
precisely measure the distance between two parallel edges. 
Each edge must have at least six connected edge pixels for 
" 
the caliper to be able to detect it. The tape measure is 
not as precise as the caliper, but it can measure between 
parts that are not necessarily edges or parallel. The 
tape measure is the more versatile tool while the caliper 
is the more precise tool. 
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Digital displays can be inspected using the seven 
segment display reader. This tool is designed to dete,ct 
the presence or absence of a seven·segment number or 
letter. It can also identify the charact~r if it is a 
number from zero through nine or a letter from A 
through F. 
Sometimes there is a need to measure an angle on a 
part. The protractor is the tool for this job. It 
measures the angle between three specified points. The 
result is reported in tenths of degrees. 
The arc reader is used to inspect parts that have 
features that exhibit a sweeping motion. For example, it 
could measure the arc that the needle on an analog voltage 
meter sweeps through. 
Finally, for features that have a high contrast with 
the background there is a pixel counter. It counts the 
number of pixels in a defined area that have an intensity 
above a threshold value. The number of pixels below that 
threshold value are also counted. The intensity scale is 
from zero for black through 63 for white. The number of 
pixels above and below the threshold are·the reported 
results. For this feature to work properly, the light 
source must be a constant intensity so that it does not 
cause a difference in contrast on the parts. 
After all ·of the tools have- been chosen for a 
particular snapshot, the ''Create/Modify a Part'' screen on 
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the Itran is used to specify the details of how each.test 
should be performed. It is here that the order of the 
' 
tests is defined. Then, for ~ach test, all of the 
necessary specification~ are given: for example, where 
the tool should be placed on the image, the limit(s) of 
the measurements, and where the results should be sent. A 
sample of such a menu is shown in Figure 16. 
4.1.2.2 Defining the Job 
A ''job" is the series of steps that the ITRAN system 
must perform to locate a part to be inspected, inspect the 
part, and report the results of the inspection. These 
steps are not set up like commands in a high level 
programming language. There is no such thing as a 
subroutine nor a ''GOTO" for this machine. Instead, the 
steps to a program are read in sequence. Each step has a 
beginning c~ntact number, some control logic to be done, 
and an ending contact number (see Figure 17). If the 
beginning contact is OFF, the controller skips that step . 
• If the contact is ON, the logic of that step is executed. 
The ending contact number is set according to the logic 
that was performed for that step. Any step that begins 
- with the ending contact number of the step just completed 
will be turned ON or OFF according to the logic of that 
step. The result of one step can turn ON or OFF several 
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Figure 16: Create/Modify a Part Screen 
Figure 17: Create/Modify a Job Screen 
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other steps: multiple steps can have the same beginning 
contact number. This type of programming is sometimes 
referred to as "ladder logic." It is analogous to 
programming a group of relays to sequentially switch. 
!TRAN provides six different types of logic for the steps 
of the program: (1) the job label, (2) the snapshot, (3) 
the seal circuit, (4) the Boolean functions, (5) the 
arithmetic functions, and (6) a timer. 
The most simple step is the job label step. 
Functionally, it does nothing. Its sole purpose is to 
make the program more readable. The programmer can divide 
the program into blocks of code that perform certain 
tasks. These blocks can be separated by a label, thus 
making the program easier to read. 
Another step is the snapshot. It tells the 
controller which camera to use to take a picture. Then it 
snaps the picture. What this actually means is that the 
controller processes one of the 60 frames taken by the 
camera each second. Once the picture has been snapped, it 
is examined according to the specifications set up in the 
description of the part. When it is finished examining 
the part, a contact is set to show that the inspection is 
complete. At the same time, a contact is set to indicate 
whether the part was good or bad. If the part did not 
pass the inspection, the contact will be set to OFF or 
I 
vice versa. 
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A step that is quite oft,en used with the snapshot is • 
the seal circuit function. It responds to a transition 
from OFF to ON at·its input contact. As the controller 
scans the job steps, it checks to see if there is a change· 
from the last scan. When there is a change, the seal 
circuit is activated. This allows an external ·device to 
signal the controller that something should happen. For 
example: a robot arm positions a part for inspection. It 
·• 
then sends a message to the ITRAN system stating that the 
part is ready for inspection. This signal causes the seal 
circuit to be set to ON. This, in turn, can be set up to 
trigger another function such as the snapshot function. 
Sometimes it is useful to be able to compare the 
results of two steps or to ''invert'' a step. For those 
occasions, ITRAN has provided some Boolean functions. The 
. functions available are: AND, OR, and NOT. The result of 
an AND statement is ON only if both of the inputs to the 
step are ON. If an OR is performed on two contacts the 
result is OFF only when both inputs are OFF. The NOT 
statement simply inverts a result. For example: if the 
'• 
starting contact is ON, the NOT statement will cause the 
ending contact to be set to OFF. Figure 18 shows the 
truth tables for these functions • 
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INPUTS OUTPUT 
.. OFF OFF OFF 
OFF ON OFF 
ON OFF OFF 
ON ON ON 
AND Operation 
INPUTS OUTPUT 
OFF OFF OFF 
OFF ON ON 
ON OFF· ON 
ON ON ON 
OR Operation 
INPUT OUTPUT 
OFF ON 
ON OFF 
NOT Operation 
Figure 18: The Boolean Truth Tables 
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In order to determine if a part is good or bad, the 
program may have to compare numbers or do simple 
mathematical functions to a result. For this purpose 
ITRAN has provided arithmetic functions. The functions 
available are add, subtract, multiply, and divide. These 
functions operate on values that are stored in registers. 
There are also several comparison functions. They comp·are 
two values to see if they are equal, not equal, or if one 
is greater than, greater than or equal to, less than, or 
less than or equal to the other number. 
Finally, the !TRAN is equipped with a timer function. 
When the timer is turned on, it runs in the back ground 
while the controll.er is doing other operations in the fore 
I 
ground. The ~mer-···-can be used to time a certain event to 
the nearest tenth of a second or it can be preset with a 
maximum time out value. 
4.1.2.3 communications 
The ITRAN system can communicate to the rest of the 
world through either of its two RS-232 ports as a DCE 
(Data Communications Equipment). Transmission of data to 
and from the ITRAN system is done using ASCII characters. 
Access to a port is through a 25 pin connector. I Figure 19 
shows the pin connections for the ports. The ports can be 
configured in many ways. The baud rate can be any one of 
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110, 150, 300, 600, 1200, 2400, 4800, 960·0, or ·19200 
.. 
characters per second. Parity can be set to either odd, 
even, or none. Seven or eight data bits can be used for 
each character. The number of stop bits can be set to 
either one or two bits per character. Any of the several 
possible combinations of the parity bit (if used), the 
data bits, and the stop bit ·or bits can be programmed. 
The only restriction to all of this is the number of bits 
per character cannot exceed ten. 
Figure 19: RS232 Communication Menu 
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' 4.2 AT&T PC6300 Computer with I/0 Board 
The inspection station is equipped with an AT&T 
PC6300 computer (on top of the !TRAN ·programming unit in 
Figure 15). It is an IBM compatible computer utilizing 
the Microsoft Disk Operating System (MSDOS). The purpose 
of the PC6300 is two-fold. First, it communicates with 
the !TRAN system telling the system when to take a picture 
of a part. It then receives information from the !TRAN 
system indicating whether or not the part is good. These 
communications from the !TRAN are achieved using an RS-232 
port. Secondly, the PC6300 computer monitors the activity 
of the inking station indexing motors. It is by this 
• 
monitoring that the PC6300 computer knows when to trigger 
the ITRAN system to take a picture of the part. Then if a 
part is bad, the PC6300 computer triggers the inker on the 
inking station to ink the chip when it is at the inking 
position (inking does not occur at the inspection 
position). 
Monitoring and communications with the inking station 
are done using~ MetraByte 24 bit parallel digital 
input/output irtterface card (model PI012). This card is a 
data acquisition and control card for IBM PC/XT/AT and 
compatible computers. It plugs into the bus of the 
C computer and takes up one half of an expansion slot. 
Featured on the card are three eight bit ports that can be 
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· programmed for unidirectional data flow or strobed 
bidirecti6nal flow. All 24 digital input/output lines are 
·- . transistor transistor logic/diode transistor logic 
(TTL/DTL) compatible. Interrupt handling and handshaking 
capabilities are also provided. Connection to the ·PI012 
card is through a standard 37 pin D type connector ·at the 
,(J back of the computer. 
4.3 Mechanization Associates Inking station 
The Mechanization Associates Model 133 inking station 
was originally designed to be a ''stand alone'' manual 
Figure 20: Inking station 
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inspection station (see Figure 20 or,the left most piece 
of equipment in Figure 15). It is equip,ped with a 
binocular microscope and a camera mount above an indexing 
stage. This gives the operator the option of viewing the 
chips either through the microscope or on a CRT monitor 
. ,. 
via a vacuum tube camera. The indexing stage is mounted 
on motorized precision screws that move the stage in the x 
and y directions. A manual adjustment is provided for 
theta alignment. Lighting to the viewing area is provided 
through the microscope. 
The inking station is programmed to sequentially step 
from chip to chip across the wafer using a custom made 
keyboard (see lower right corner of Figure 20). For each 
'· 
of the 21 codes to be inspected on the station, a series 
of information is programmed into non-volatile memory. 
The information inputted is the diameter of the wafer, the 
x and y increments needed to step from chip to chip 
'(referred to as the step and repeat), the starting 
position for each wafer, and how long the stage should 
pause at each chip sight. After the chips are inspected, 
any bad chips are marked with an ink dot from the inker 
that is physically mounted to the right of the microscope. 
If the inker was set up to ink the bad chip at the 
inspection position, it would block the view of the chip. 
Therefore, an offset can also be programmed into the 
memory. Every time a chip has to be inked, the wafer is 
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moved so that the chip is under the inker and the inker is 
fired. ·Th@n the stage is moved to position the next chip 
in the viewing area. 
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Chapter 5 
Developing the Inspection 
s.1 Getting a Good Image 
Before the work on the vision portion of the project 
began, all of the equipment described in Chapter 4 was set 
up and tried individually. It was necessary to become 
intimately familiar with the hardware and the operation of 
each piece of equipment. It also ensured that everything 
was in working order. 
Since the vision portions of this system could be the 
most critical, they· were high priority items for critical 
scrutiny and consideration. As a result, the first major 
decision was the type of camera to be used. Basically, 
there are vacuum tube and solid state type cameras. Both 
types of cameras sense light intensity and convert it into 
electrical signals at a rate of 60 frames per second. 
Each frame is attained by scanning an image from the upper 
(or farthest) left corner to the lower (or nearest) right 
corner. It is the scanning that is done differently for 
the two types of cameras. The vacuum tube camera has a 
fixed light sensitive ·area that is scanned by an electron 
beam. The scanning motion of the electron beam is 
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controlled by electromagnetic coils to deflect it across 
the surface. The solid state cameras have a fixed array 
of electronic devices, usually metal-oxide semiconductors 
(MOS), that sense the light intensity. Of the several 
types of solid state cameras, the capacitive-coupled 
device (CCD), charge-injection device (CID), and MOS are 
the most commonly used. The sensing devices for the CCD. 
camera increase their charge as the intensity increases. 
The sensors for the CID camera perform essentially the 
opposite: they are charged initially and the charge is 
depleted by the light. As explained in Chapter 4, the MOS 
c,amera has an array of photo-transistors and crosspoint 
switches. 
Each type of camera has its relative advantages and 
disadvantages. Vacuum tube cameras tend to have b.etter 
resolution and are more sensitive to low light levels than 
the solid state cameras. Whereas, the solid state cameras 
exhibit better stability and less geometric distortion. 
In addition, the CID and MOS cameras do not show 
distortion due to.blooming. Stability is the term that is 
,,.,-
used to describe the amount of image distortion that 
occurs with time. In vacuum tube cameras, the 
electromagnetic characteristics can change with time. 
This causes the electron beam to scan a slightly different 
spot. on the target causing distortion of the picture. The 
amount of distortion can vary from a portion of a pixel to 
( 
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a few pixels,. For humans, this ''drift'' is not critical 
because the human_brain can compensate for it. However, 
for machine vision applications, the placement of the 
pixe.,ls is critical since all of the comparisons and 
measurements are based on the pixel positions. Solid 
state cameras do not exhibit this phenomenon because there 
is a direct correlation of the pixels to the photo-
sensitive devices. Since these devices are fixed in 
place, there is no distortion do to movement of them with 
time. Geometric distortion was not a major concern since 
the !TRAN system is "taught '' the inspection· by using a 
part. Therefore, the same distortion is seen on both the 
part used for teaching and the part being inspected. If 
this were a CAD-to-chip inspection system, geometric 
distortion would be much more critical. Blooming is yet 
another type of distortion. It occurs when a very bright 
spot in an image ''expands'' beyond its actual size causing 
distortion and obscuring details. 
The inking station selected for this project was 
originally equipped with a·vacuum tube camera while the 
,· ITRAN system had been purchased with an MOS type solid 
state camera. Even though the ITRAN system would have 
accepted input from either camera, the solid state camera 
was chosen for the project. This decision was based 
primarily on considerations of the stability of the camera 
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should the project succeed and the wo'rk station · used for 
production. 
After the ITRAN camera was installed on the inking 
station, a wafer was placed.on the indexing stage and the 
light, which is projected through the microscope, was 
turned on. Once the image was focused as viewed on the 
monitor, all that could be seen were the beams of the 
-chips. The back of the chip was completely black. Not 
even the light colored ink dots marking the electrically 
bad devices could be seen. This was the result ~fusing 
bright field illumination. With bright field 
illumination, the light source illuminates the viewing 
area via the optics of the microscope used by the camera. 
After some research of light source types, it was decided 
to try a diffused light source that did not utilize the 
·camera optics. A standard microscope ring fluorescent 
light was available, but it did not provide sufficient 
light to illuminate the chips for the camera to pick up 
details on the chips. By this juncture, it was obvious 
that one way to see the features of the chips was to use 
side angle lighting using point sources. Point sources \ 
,('. 
~-- ' 
can be used to ca.use shadows on a,part and is a good way 
to reveal surface defects. Two discrete filament type 
light sources wer~ manipulated to try to get a good image 
presentation. The .best image obtained,was not quite good 
enough: the lights were not bright enough and it seemed 
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that the possible angles with these bulky lights were not 
quite right. In addition to these problems the lights 
were cumbersome, generated a great deal of heat, and 
impeded the travel of the indexing stage. At this point, 
it was decided to try fiber optics. A cylinder was 
designed and constructed to hold three fiber optic light 
sources equidistant from each other (120° apart). Three 
optics were chosen so that shadows would be cast ·ti6m 
several different angles thus revealing most, if not all, 
of the surface defects. The cylinder fit over the lens of 
' the microscope and was held in place by two set screws. 
Because the fiber optics were flexible they were 
positioned such that they did not impede the travel of the 
indexing stage. In their final position, none of the 
three light sources was perpendicular to any of the four 
edges of the chips. The intent was to minimize the amount 
of glare caused by the light striking a fairly smooth 
surface. One drawback to using the fiber optics was that 
the detail of the beams was not highlighted since their 
. 
surfaces are relatively smooth. However, with a 
combination of both fiber optic and bright field 
illumination, features of both the silicon and the beams 
could be viewed. q 
Concurrent, with the work on the lighting, was work 
on the optical magnification to be used. There were three 
choices of magnification available on the microscope. 
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With the lowest power, multiple chips could be viewed at a 
time. However, the beams appeared so small that the 
vision system could not repeatedly detect them nor do 
measurements on them. The highest power showed only a 
portion of even th$ smallest.chips. In fact, only two 
beams could be viewed at a time. At this magnification, 
many accurate measurements could have been taken of the 
device segments. However, many pictures of each chip 
would have to be taken in order to do a complete .. 
inspection. This approach would have caused the 
inspection to take too much time. After some 
calculations, it was also discovered that the step and 
repeat distance necessary would have been smaller than the 
indexing tool is capable of. With the medium power lens, 
a maximum of five beams along the horizontal axis and four 
beams along the vertical axis could be viewed at a time. 
This was adequate and there was sufficient detail of the 
beams to be'able to make the necessary measurements. With 
these optics, the features were magnified 90 times 
(including magnification due to the focal distance of the 
camera). 
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s.2 Defining the Chip Inspection 
The first step.in designing an ITRAN system routine 
to inspect the chips was to analyze which of the different 
types of defects could be detected by the ITRAN system 
tools. The visual definition of each type of defect 
(described in Chapter 2) via the ITRAN's camera was 
checked and con94deration was given to which tool or tools t 
could be used to do the job. ·Thought was also given to 
finding tests that could detect multiple types of defects 
in order to minimize the time necessary for the inspection 
process . 
The chip beams were clearly visible on the monitor. 
To get· the dimensions of them, the tape measure and the 
caliper tools were considered. The caliper was considered 
first; since it is capable of making more precise 
measurements. The caliper measures the distance between 
edges. However, the edges (that it measures between) must 
be parallel and must have at least six connected edge 
pixels. Both of these requirements were too stringent 
when compared to the permissible requirement deviations 
for the beams. For example, a beam may be missing a 
portion of a corner or be slightly bent. Neither of these 
minor anomalies are considered to be bad enough to cause 
the chip to be rejected. However, the caliper would not 
be able to measure the beam because of them and the chip 
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would be considered a reject by the ITRAN system. The 
tape measure, on ·the other hand, can measure distances 
between edges that are not parallel or that might move in 
a direction perpendicular to · the line of movement (such as 
a bent beam). The tape measure can be visualized as a . 
line with a search area at either end. The search areas 
,;"• are positioned at either end of the beam (see Figure 21). 
The dimensions of the search areas tell the ITRAN where to 
" ', 
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21: Tape Measure Tool 
look to find t~· of the beam. If it cannot find the 
edge within that area or the length is not within the 
specified limits, the inspection fails and the chip is 
" 
I marked as bad. It was decided to use the tape measure to 
determine the length of the beams. 
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Next the template tool was examined as a possibility 
for detecting bent, grossly deformed, or missing beams. 
The template ,tool was considered for this task since it is 
designed to compare the similarity of the original part 
and the new image. The way that it does this is ·by 
storing the pattern of edges from the original part. This 
pattern is then compared to each new image. This tool was 
not capable of performing the desired inspections. If the 
limits for allowable deviation were tight enough to detect 
the defects, it also rejected good product and vise versa. 
The most gross error that it could not detect was when 
unwanted metalization connected two adjacent beams. In 
this situation, the outline of each beam was clearly 
visible. Therefore, the edge detector saw the outline as 
edges even though they were not really edges. Because the 
template tool does not do any comparison of intensity, it 
could not tell that the beams had metal instead of the 
carrier magnet showing between them. Metalization shows 
up as near white on the gray scale with the magnet as a 
dark gray.~ At this point, the decision was to find a tool 
or tools that could more accurately find this type of 
defect. 
The defect finder and the pixel counter were examined 
as possible tools for d~tecting missing portions of beams 
and/or contaminated beams (including magnetic ink on the 
beams). All of these defects appear as dark spots on the 
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beams when viewed through the camera.' Both tools worked 
when the defects were clearly defined defects.· However, 
the pixel counter performed better than the defect finder 
on the marginal defects. With these tools, these defects 
are found by intensity comparison in the area being 
tested. Both tools are capable of doing that, but the way 
the results are reported makes the pixel counter better 
than the defect finder for this task. The defect finder 
averages all of the intensity levels in the testing area 
and reports the average value of these intensities. On 
. , the other hand, the pixel counter actually counts the 
number of pixels above and below a set threshold intensity 
and reports these values. This division by a threshold 
value eliminates having especially bright areas cancel out 
the dark areas by averaging them together. The threshold 
value is set by tbe programmer of the system so it can be 
tailored for the application. The dimensions of the test 
area are also programmable. For this application, the 
dimensions were set to those of the beams. An example of 
the pixel counter on a portion of a beam is depicted in 
0 
Figure 22. 
The defect finder and the pixel counter tools are 
good for detecting dark or light areas, but they have no 
measuring capabilities. For the detection of bent beams, 
the final decision was to use the protractor to measure 
the angle of the beam relative to the edge of the silicon. 
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Figure 22: Pixel Counter Tool 
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. Figure , 2 3-: · Protractor Tool 
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There are three search areas on this tool: the pivot and 
two ends. The pivot was placed at the intersection of the 
beam with the silicon. Then one end was placed on the 
side edge of the beam near the outer end. It was not put 
on the end in case a portion of it was missing. The other 
end was placed on the edge of the silicon at the 
intersection of the next beam (see Figure 23). This set 
up provided the !TRAN with sufficient detail to be able to 
accurately measure.the angle of the beams. If the 
measurement exceeded the limits in either direction, a 
bent beam was reported. 
There was no need to find a tool to detect missing 
beams. If there was a missing beam, the tape measure, 
pixel counter, and protractor tools would all indicate 
faults or failures. Any additional testing for this 
defect would be redundant and a waste of time. 
Also by default, the silicon size did not have to be 
specifically measured. Since the chip size is known for 
any code and the beams were already measured, a simple 
calculation will yield the silicon size. As a matter of 
fact, the limits on the length of the beams are set to 
insure that the silicon is the correct size. Proper 
alignment of the silicon with respect to the beams is also 
accomplished by the measurement of the free beam length. 
Therefore, it need not be specifically tested for either. 
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There are three types of defects that could not be 
detected with the ITRAN system tools: (1) voids in the 
silicon, (2) silicon cracks, and (3) magnetic ink area 
coverage. The voids in the silicon appeared identical 
voids • the magnetic ink when viewed on the monitor. in 
to 
Voids • the magnetic ink are not cause for rejection of a in 
chip. Since the surfaces of both the silicon and the 
magnetic ink are not smooth, there is0 no way to set the 
lighting such that a different image is gotten for each 
.type of defect. In addition, the silicon voids that are 
covered by the magnetic ink would truly look like a void 
in the ink. 
The second defect type that could not be detected was 
silicon cracks. No tools were available to search for 
randomly positioned jagged edges. Even if there was a 
tool that could find a jagged edge, the magnetic ink forms 
jagged edges also and would be misconstrued as a crack. 
Since the placement of the magnetic ink is different from 
wafer to wafer, none of the tools could be set up to work 
in the areas adjacent to the ink. (Recall from Chapter 2 
that voids and cracks in the silicon are usually detected 
,;, 
when the operator inspects the active side of the chip). 
Third and finally, the area of coverage of the 
magnetic ink could not be measured accurately partially 
because it is not in the form of a near perfect square. 
In addition to this, its uneven surface caused differing 
57 
' . 
amounts of light to be reflected into the image, thus 
preventing the use of such tools as the pixel eounter. 
-5.3 organizing and Programming the Inspection Process on 
the !TRAN system 
The next task was to organize and program-the 
inspection process now that the !TRAN tools had been 
chosen. A number of various factors had to be considered: 
for example, the number of snapshots to be taken for each 
chip, the order of the individual measurements, and the 
amount of data to be sent to the PC6300 computer. 
The number of snapshots per device was the first item 
of consideration. Since all of the measurements would be 
made using the chip beams, the tests could be grouped 
either by type (i.e. an angle measurement made on all 
beams before starting the next type of measurement on the 
beams) or by beam (i.e. all tests for a single beam 
performed before doing the same fpr_ each successive beam). ~ In either case, a snapshot could be 0 taken for each group 
of tests or a single snapshot could be taken and all of 
the tests performed on it. Both methods have their 
advantages. The advantage of multiple snapshots is that 
on bad devices only enough snapshots have to be taken and 
analyzed to detect the defect. Then the inking station 
/' 
could index to the next chip. The disadvantage to this 
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method is the amount of time it would take to test a good 
device. For each good device the same number of tests 
must be performed on it regardless of how many snapshots 
are taken. For multiple snapshots, the cumulative time of 
the inspection is: one sixtieth (1/60) of a second for 
the first snapshot, plus the time it takes to do the 
measurements, plus a minimum of one sixtieth (1/60) of a 
second for each additional snapshot. The one sixtieth 
(1/60) of a second minimum per additional inspection 
operation is conditioned by the amount of time it takes to 
perform the measurements. If it takes the ITRAN CPU 
longer ·to do the measurement calculations of the last 
inspection operation than the time it takes to capture 
. -•.,, 
another picture, then the time interval for each 
successive snapshot and measurement calculation would be 
determine·d by the measurement process time instead of '.l:,he 
image capture time. In addition to this, the inking 
station would not be able to index to the next chip until 
the last snapshot is taken (i.e. indexing can occur while 
measurement calculations are being performed) •· This still 
would not be a constraint if the devices to be inspected 
were known to have a high level of defects. However, 
since the defects on the backside of the chips are known 
to occur infrequently, the inspection procedures should be 
tailored to minimize the good device inspection time 
interval. ;>. This can be done by taking a single snapshot 
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and performing all of the tests on it. Since only one' 
snapshot would-be taken, -the inking station can be indexed 
to the next chip while the ITRAN's c~u is performing all 
of the measurements and calculations on the captured 
image. This approach minimizes the effects of the 
indexing interval as part of the inspection process. 
-.There is a catch to this: only a portion of the chip 
could be viewed at a time with the magnification that was 
being used. Therefore, the number of snapshots per chip 
would be the number of views needed to inspect the entire 
chip. An additional factor was considered when the number 
of snapshots per view of the chip was being decided. That 
factor was whether or not to inspect chips that were inked 
as electrically bad. Since it had already been determined 
"' 1,.iif: '\,-> 
~· -1~·1~·4 fJ that they are bad, there was no pointt~\11 wasting time to 
visually inspect them; the inking station could just index 
the next chip into position. Additional considerations 
concerning this aspect of the inspection are beyond the 
scope of this paper. The final decisions were to use two 
; ' 
snapshots per initial view of each chip, one additional 
snapshot for each successive view needed to complete the 
inspection of the entire chip, and not visually inspect 
electrically bad dev1ces. The first snapshot of a view /1. 
would utilize: (1) the positioning pins to locate the 
chip and (2) the intensity value of the defect finder tool 
to check for the presence of an ink dot. If no ink dot 
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was located then the second snapshot would be taken and 
the ·inspection procedures initiated. This second image 
would be the first view to be examined for possible 
defects. Subsequent snapshots would be taken until either 
the chip was determined to be visually bad or the entire 
chip was inspected. Since all of the measurements for a 
particular view of the chip would be made on one image, 
the order that the tests would be performed was primarily 
determined by the ease of programming and debugging. For 
these reasons, the tests were programmed to be done beam 
by beam. In other words, all of the tests for one beam 
were done before any tests were attempted on any other 
beams. 
Each test that gets programmed has several parameters 
that have to be set. The tape measure must have its ends 
positioned. Each end has two concentric boxes. The inner 
box is the end of the tape and must be placed on an edge. 
The outer box is the allowable search area for the end. 
Once the ends have been placed, a "match" percentage must 
be specified for each. This describes to the CPU how much 
that portion of the image can deviate from the original 
part without being classified as an anomaly. After 
setting the ends of the tool, the exact measurement is 
programmed into the ITRAN so that the ITRAN can make the 
conversion from pixels to actual units. The units-are 
also defined: for example, pixels/mil. This gives the 
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ITRAN the capability to report the actual length of the 
beam. After the units of measure have been defined, the 
maximum and minimum allowable dimensions~are defined. 
Except for specifying what results get reported from the 
test to the outside world, the tape measure has been 
programmed. . . {\ Since the reporting methods for all tools are 
fairly generic, they are discussed later in this paper. 
The protractor is programmed similarly to the tape 
measure. Instead of having just two ends to be placed, it 
has two ends and a pivot. All three points are similar to 
the ends of the tape measure. Since the protractor 
measures angles in tenths of degrees, no units need to be 
defined. The match percentages for each end and the 
maximum and minimum allowable angles do have to be 
programmed. 
The defect finder is programmed by placing a box 
around the area to be examined. Then limits are set on 
the level of intensity and/or the number of allowable 
edges within that box. 
Similarly", the pixel counter is also a box that 
surrounds the inspection area. Since its purpose is to 
count the number of pixels with greater or less intensity 
than a threshold intensity, the threshold value must be 
stated. 
For each of the tools available on the ITRAN, there 
are several ways to report the results. Up to three 
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contacts can be turned ON or OFF·indicating a true or 
I false condition. The three contacts that can be set are: 
(1) greater than the high limit, (2) less than the low 
limit, and (3) within the two limits. Another option is 
to send the actual value to a register. Registers and 
contacts share the same memory space in the !TRAN. 
·Sixteen contacts make up each register: for example, 
contacts one through 16 cannot be used if register 4001 is 
,_ p 
used. The memory for these is divided into three groups. 
The first contact/register set of 128 contacts (or 8 
registers) is dedicated to communications with the 
input/output controller. Another set of 128 contacts is 
devoted to communications via the RS232 port. The third 
set is considerably larger than the other two with 871 
contacts and up to 990 registers available. These 
contacts and registers are for internal use. The ITRAN 
operates much faster using the internal contacts and 
registers than communicating through the external 
registers and/or contacts. 
Initially, all data was to be sent to the PC6300 
computer for analysis ar1d a decision on whether the chip 
was.good or bad. However, with the amount of data that 
would have to be transferred, the communications portion 
of the inspection would be the largest time delay. 
Therefore, internal contacts were used to determine 
., whether each parameter was within the limits set. This 
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not only speeded up the operation; but it also more fully 
-- --- -- -
utilized the ITRAN's capabilities. 
All pf the above information was programmed into the 
ITRAN as the part description. In order to be able to use 
all of this, a "job" had to "be programmed. The "job" had 
to be able to tell the !TRAN: (1) which snapshot of which 
_,.,/ 
view was to be used for the analysis of the image 
captured, (2) when to take a picture, and (3) what to do 
with the results of the analysis. The first two tasks 
were accomplished simultaneously. A number was assigned 
to each view of the chip. The PC6300 computer would keep 
track of what view of the chip the ITRAN would be 
capturing in the next picture. At the appropriate time, 
the PC6300 computer would send the number to an RS232 
register in the !TRAN. Depending on the number received, 
the !TRAN would turn ON a particular contact. At this 
point, a seal circuit was used to sense the change from 
OFF to ON at that contact. Then this would allow the 
correct snapshot to be taken. The "job" was set up so 
that at the initial signal from the PC6300 computer the 
snapshot taken was the checR for a bad device ink dot. 
Detection of an ink dot generated signals both internal to 
the !TRAN and to the PC6300 computer for the end of 
testing on that device. If no ink dot was detected, then 
the first view for all the measurements associated with it 
was snapped.· The transfer of the results of the 
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inspection testing was initially done at the end of each 
snapshot. For electrically good chips this meant that two 
or more sets of information were sent to the PC6300 
computer. The delay for this transfer of data was longer 
than the time needed for the inspection. Therefore, a way 
of reporting the results in one transfer step had to be 
developed. This was done by using some of the arithmetic 
functions that the ITRAN system provides in the "job" 
routines. A register was dedicated to collecting the 
final results (whether the view of the chip was good or 
bad) of the inspections. The single response that would 
then get sent to the PC6300 computer would tell the 
computer the results of the inspection. For example, no 
chip found would be reported as a zero, a chip with an ink 
dot as a one, a visually bad chip with no ink dot as an 
11, and a good chip as a 111. After the result was sent 
to the PC6300 computer via the RS232 port, all registers 
within the ITRAN would be cleared so that the next device 
inspection could be done in the same manner. 
1 5.4 Communications Linking of the Equipment 
With the inspection process programmed into the 
ITRAN's memory, the final task was to establish 
communications links between the ITRAN's vision controller I 
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and the PC6300 computer, also between the inking station 
and the PC6300 computer. 
Transfer of data between the ITRAN system and the 
PC6300 computer was accomplished through RS232 ports on 
both pieces of equipment. The ports were configured to 
transmit/receive data at ~600 baud, using eight data bits, 
one stop bit, and no parity bits. Through this data link, 
the PC6300 computer would instruct the ITRAN system to ( 
capture an iinage at the appropriate times. When the image 
analysis was complete, the ITRAN would send the results to 
the PC6300 computer via this link,, also. 
The task of controlling the inking station with the 
PC6300 computer was not as simple nor successful. 
Initially, the intent was to control all aspects of this 
machine from the PC6300 computer. After a great deal of 
investigation, including telephone conversations with the 
manufacturer of the equipment, it was realized that this 
task would not be simple or inexpensive. The equipment 
could be updated, but it would take approximately three 
months and the cost would be several thousand dollars. 
This inking station was simply designed to be a stand 
alone unit. Therefore, their designers took full 
advantage of the speed of a microprocessor chip (an Intel 
8085 micrqpro~essor) that they used. In order to. make 
this equipment capable of interacting with the PC6300 
computer, the equipment would have to have major revisions 
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at major expense. Since the first approach was not 
successful, the next attack was to control as much of the 
machine as possible. Major interest was focused on 
controlling suoh items as the inker and the motors that 
turn the screws to move the indexing stage in the x and y 
directions. If the motors could be controlled externally, 
the step size and the timing would be controllable as 
would the inspection array size and shape. The array used 
by the inking station is controlled by the microprocessor 
and is calculated using the wafer and chip sizes so that 
it is roughly circular __ ,,i:11' shape. Once again it was found 
that this total control would require major modifications 
and expense. Since redesigning the inking station 
equipment was not the intent of the project, it was 
decided to try to simply monitor when the motors turned ON 
and OFF to determine when the IRAN should capture an 
image. After some circuit searching, signals were found 
that went high (logic one) when the motors were turned ON 
and went low (logic zero) when the motors were turned OFF. 
Lines were tied to the origin of the signals and were 
connected to the PI012 card in the PC6300 computer for 
monitoring. The inker mechanism was fully controllable by 
the PC6300 computer by intercepting the output of a D type 
flip flop and replacing it with signals from the computer 
with the PI012 card as the interface. This was the final 
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min.imal extent of the automation of . this piece of 
equipment for this project. 
Since the PC6300 computer is an IBM compatible 
computer, several languages were available to be used for 
the controlling program. The PC6300 computer was not 
equipped with a hard disk. Therefore, BASIC was chosen 
because both the interpreter and the program could fit on 
one disk. Then the development of the program could be 
done at the inspection station~ If the interpreted 
language had turn~d out to be too slow to do the job, the 
program could have been compiled and linked into a faster 
executable file. As it turned out, that was not 
necessary. 
s.s Operator setup and Equipment Operation 
The final set up of the ent;ire work station requires 
that the operator input information into two pieces of 
equipment: (1) the inking station and (2) the PC6300 
computer. The following describes the operation of the 
work station. 
There were two aspects of setting up the system to 
inspect wafers. First was device code information and 
second was the physical setup and alignment of a wafer. 
Code inforntation had to be changed only when the wafer to 
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be inspected, .. was a different code than the previously 
inspected wafer. 
Each time that a different code was to be inspected, 
both the inking station and the PC6300 computer had to be 
instructed accordingly. The inking station had to know 
the correct step and repeat size to be used to step to 
each successive view of the.chip. This information was 
communicated to the station using its key pad. Likewise, 
code information to the PC6300 computer (via its keyboard) 
would be utilized to trigger the ITRAN to use the correct 
snapshot for the view to be analyzed. 
After the code information was entered, the wafer 
. could be set up. This involved switching the optics from 
the camera to the binoculars so that the operator -could 
use the manual inking station adjustments to align the 
wafer for proper indexing. Then the operator would 
position the wafer at the designated chip starting 
position. Since the inking station does not sense the 
edge of a wafer, it scans in a fixed array that is 
' 
slightly larger than the wafer (calculated by the 
microprocessor). For that reason, when the wafer is set 
at the starting position, it may not be the necessary 
position to get the proper image with the !TRAN system. 
Hence, when the operator has the wafer in position, the 
microscope is set to the camera position and both the 
PC6300 computer and the inking station are told to run. 
69 
When the first full chip appears on the ITRAN's monitor, 
the system is put in a pause mode and the operator would 
make any necessary final adjustments to put the 
appropriate portion of the chip within the viewing area of 
' 
; tbe camera. When this is accomplished, both the inking 
station and the PC6300 computer are again put into the 
automatic inspection mode. In this mode, the PC6300 keeps· 
track of what view of the chip 'should be analyzed. It 
also stores information about each chip in an array. This 
array is used for several purposes. First of all, any 
chip that has an ink dot on it or has been determined to 
be visually bad will not have any more snapshots taken of 
it. This would save time if the inking station could be 
controlled by the PC6300 computer since the computer could 
initiate a skip for the rest of the chip. Another way 
that the chip data is used is to trigger the inker for 
visually bad chips when they are positioned under the 
inker. One other possible use of the chip data is to 
print out a wafer map at the end of the wafer inspection. 
The computer uses different designations for each type of 
data to be stored. When this is printed, an engineer can 
evaluate the wafer at a glance~ When the wafer inspection 
is complete, both the PC6300 computer and the inking 
station automatically reset to an idling state. From this 
state, the operator can remove the inspected wafer and can 
start another wafer for inspection. 
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Chapter 6 
Results, Recomm~ndations, and Conclusions 
The final decisions (detailed in Chapter 5) regarding 
the set up and operation of the project system are 
summarized in this chapter. The project system 
inadequacies are examined and recommendations are 
presented for a more effective, efficient, and complete 
visual inspection system. 
Analysis of the work station operation indicated that 
machine vision techniques, using equipment similar to that 
used in this project, could be used to successfully 
inspect the back side of beam leaded devices in a 
production environment. However, the readily available 
equipment used in this project was not flexible enough to 
be adapted to effective production usage. The total work 
station consisted of an ITRAN vision system, a 
Mechanization Associates (manual) indexing and inking 
station, and an AT&T PC6300 computer. 
The indexing station was used to move the chips into 
the viewing area of an MOS solid state camera where the 
vision system would capture and analyze images of them. 
The camera was mounted on a microscope that was attached 
to the indexing station. Illumination of the devices was 
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accomplished using both bright field and dark field 
lighting. The bright field illumination was projected· 
through the microscope lens and was used to achieve 
quality illumination of the 
the beams. The addition~f 
relatively smooth surfaces of 
fiber optic.lighting (dark 
field) to the microscope provided the necessary shadow 
effect for minimal quality views of the chips. The PC6300 
computer was used to monitor the motion of the indexing 
stage and to control the functions of the ITRAN system. 
Originally, the PC6300 computer was intended to control 
the movement of the indexing stage, also. However, the 
indexing and inking station was built to be a "stand 
alone'' manual piece of equipment. Investigation into 
making it computer controllable indicated that the 
modifications would take several months and would be 
costly. It was decided to simply modify the indexing 
station to monitor the motion of the indexing motors. 
Then, when the stage was at a stand still, the PC6300 
computer would signal the vision system to snap a picture, 
analyze it, and return the results to the computer. The 
' 
disadvantages to monitoring as opposed to controlling the 
indexing motors are that the dwell time and the step size 
are fixed: the stage stops at every view of each chip for 
the same amount of time, which is the time necessary to 
inspect a good chip. In addition, the wafer profile 
matrix would be a fixed size that has to be slightly 
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larger than the wafer to ensure that all of, the chips on 
the wafer get inspected. 
Another major drawback to this work station was the 
image processing capabilities of the ~TRAN vision system. 
,,.-··, 
/ 
' The ITRAN with its menu driven programs adequately 
. . 
performed the tests that it was designed to do. It was 
capable of detecting an ink dot on electrically bad 
devices as well as such anomalies as too much silicon ,· ,. 
removed from between the chips, and missing, bent, 
contaminated, or partiil beams. However, with the limited 
number of tools that were provided on the !TRAN, some chip 
anomalies were either not detectable or not measurable. 
For example, silicon voids versus magnetic ink voids were 
not discernible nor was the area of the magnetic ink 
coverage measurable. Since it uses only edge detection 
and/or light intensity levels for all of its functions, 
its capabilities and applications are limited. It did 
not, for example, have the capability to detect randomly \ 
.. {' , 
" placed jagged edges. Therefore, cracks in the silicon 
could not be detected. Figure 24 shows a crack in the 
silicon that could not be detected by the ITRAN. 
Several changes would be necessary to over come these 
limitations and to make this system more automated and 
"user friendly." Minimal operator intervention would be a 
prime objective. The equipment used for this project was 
1 
capable of automatically positioning the chips 
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Figure 24: A Crack in the Silicon of a Chip 
sequentially in the viewing area, capturing an image of 
the device, a~alyzing the image, and storing the results 
V 
of the analysis. However, focus and alignment adjustments 
are all manually done by the operator. Because of this, 
the initial setup of each wafer is cumbersome. The system 
should be such that all the operator has to do is to load 
and unload wafers and input to the computer what code of 
devices is to be inspected. The rest of the operator's 
time could then be spent loading and unloading other 
systems and/or doing other productive work (after all, 
this is supposed to be an automated process). 
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A major step toward reaching the goals stated above 
is to replace the manual indexing and inking station with 
a· comput·er controllable alignment and indexing station. 
This piece of equipment should have cassette-to-cassette 
wafer handling and automatic wafer alignment capability. 
<:, 
The features of computer control and automatic alignment 
make the operator's job much more simple. Then all the 
operator would have to do is place the cassette bearing 
wafers in the load station and start the system. This 
would initiate automatic loading of a wafer onto the 
·1;~indexing pedestal and alignment of the wafer to the vision 
system. After the wafer is aligned, the operator would 
have to position the indexing pedestal so that the first 
chip to be inspected was in the viewing area of the 
camera. Positioning of the first chip as the starting 
position would have to be accomplished manually by the 
operator. There are no special markings on the back of 
wafers for use as an indicator for the system to scan and 
lock in on. The operator would then initiate the ''Start 
Inspection'' command via the computer keyboard. After 
completion of the wafer inspection cycle, the inspected 
wafer would be automatically unloaded into a cassette and 
the next wafer would be automatically loaded onto the 
indexing pedestal. 
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In addition to reduced operator intervention, another 
benefit of a computer controlled system is reduced 
inspection time. There would no longer be a need for the 
fixed delay time interval for each view of the chip (as 
described earlier in this chapter). As soon as the snap 
shot is taken, the stage could index to the next position. 
If the next position is another view of a chip that has 
been ·determined to be a bad chip (either visually or 
because of an ink dot), the remaining views can be skipped 
entirely, the chip inked if necessary, and th~ pedestal 
moved to view the next chip. Also, fewer chip sites would· 
be viewed per wafer with this system because the edge of 
the wafer could be detected and the indexing stage sent to 
the next row of chips. Therefore, there would be a 
considerable improvement in efficiency over the fixed 
matrix limitation of the project system. 
When a check of the system•s·accuracy. was undertaken, 
there was an area around the periphery of the wafers where 
erroneous inspection results were obtained on many of the 
chips. These chips were slightly out of focus compared to 
the chips in the center of the wafer. If the microscope 
, was truly focused on a chip that had an erroneous reading 
and the chip was retested, a correct result was obtained. 
Investigation into the problem showed that the thickness 
of the wax under-the wafer was not uniform. This wafer 
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mounting problem can cause areas of the wafer to be just 
out of ·focus enough to cause a chip to falsely fail the 
inspection criteria. One way to minimize this problem is 
to provide optics with automatic focus. The optics should 
also have a fixed single magnification to eliminate the 
possibility of the wrong magnification being used and an 
entire wafer inked as bad. 
Another modification that would improve the accuracy 
of the inspections would be to provide two independently 
computer controlled light sources. Investigation showed 
that the best image of the beams was obtained when only 
the light through the microscope was on. Similarly, the 
clearest view of the silicon was received when only the 
side angle fiber optic lighting was lit. Since the 
accuracy of vision testing is highly dependent on the 
quality of the image captured, it is highly desirable to 
have a computer controlled lighting system that could 
switch between the two sources as-needed. 
One final recommendation to make the system a very 
accurate and complete inspection system is to "upgrade" 
the vision portion of the system. The !TRAN vision system 
was made available for this project, but there are less 
expensive inspection systems in existence that have all of 
the capabilities of the !TRAN and more. These systems are 
more flexible because they are programmable using machine 
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language and/or a high level language· such as_ C language. 
This allows the programmer to fully utilize the system to 
obtain the necessary inf orntation from the captured image. 
-e-!:\ 
For example, they can be programmed to do image 
enhancement or image segmentation using convolutions or 
Laplacian transforms in addition to the Sobel edge 
detection and light intensity sensing utilized by the 
!TRAN. They also have the capability to do calculations 
such as areas and can be programmed to be relatively 
insensitive to variations in lighting. Because these 
systems are more flexible, they are not limited to menu 
driven programs and therefore can be adapted to a wide 
variety of applications. However, the price for this 
flexibility is that it requires a much longer software 
' development period and that the programmer be very 
proficient with.and knowledgeable of image processing 
techniques. 
Every improvement recommendation stated above is 
possible through "in-house" efforts or is expected to be 
commercially available in the near future. 
In conclusion, two considerations concerning the 
design of a system should be explored prior to the 
purchase and/or initial setup of the equipment. First, ,,,. 
each piece of equipment must be able to execute the task 
that it will have to perforin when the system is 
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functioning. Second, and just ·as important as the first,' 
the equipment must be capable of becoming an integral part 
of the system without compromising the initial goals of 
' 
the overall system operation. A secondary consideration 
should be whether the system components can be used for 
other projects if the initial project objectives are met 
or become unnecessary. 
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